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(57) ABSTRACT

A charge pump circuit and a phase lock loop circuit (PLL)
having the same are provided. A main voltage divider and an
assistant voltage divider configured in the charge pump cir-
cuit generate a voltage division within a predetermined time
of activating the charge pump circuit. Therefore, when the
charge pump circuit initiates operating, a voltage of a control
end of a main switch set configured in the charge pump circuit
is set to be the voltage division. The voltage of the control end
is gradually decreased from the voltage division to a stable
voltage according to a first current and a second current
flowing through the main switch set. Accordingly, it can
decrease the time from initiating operation of the pump cir-
cuit to stabilizing the voltage of the control end, thereby it can
increase the working efficiency of the PLL.

18 Claims, 4 Drawing Sheets




U.S. Patent Feb. 9, 2016 Sheet 1 of 4

VDD

A1<l|>l11

CS1— / UP

CON_, v

CS2—= / DOWN

MO

77

FIG.1
PRIOR ART

US 9,257,899 B1



US 9,257,899 B1

Sheet 2 of 4

Feb. 9, 2016

U.S. Patent

100

[
| N ”
_r\jllllil-lluy_f
Qo E = 8 K

|T£|/|T
| |
o 1
B 1O O | =
2 =~ | T N
SO SESAR
< |i en < || <
| |
5 > |
| |
| |
o
H(L_ m DW _
B g |
A B ©
1 1
N
N



U.S. Patent Feb. 9, 2016 Sheet 3 of 4 US 9,257,899 B1

Voltage
A

VDD |

! i » Time



US 9,257,899 B1

Sheet 4 of 4

Feb. 9, 2016

U.S. Patent

OS

7Ol

JOJe[1oS0
P[[0TU00-238)[0A

IOPIAID

Aouonbaij

)

Ovb
11

)

4197

.

A

doo[

)

0cy

EA

pS
moIn | 0O | 1010019p |
dwnd | dD | Kouonbaxg
ogreyo [T qnD | oseud [=—=<JoIS
.
00v 0Ly
oy



US 9,257,899 B1

1
CHARGE PUMP CIRCUIT AND PHASE LOCK
LOOP CIRCUIT HAVING THE SAME

BACKGROUND

1. Technical Field

The present disclosure relates to a charge pump circuit and
a phase lock loop circuit having the same, in particular to a
charge pump circuit and a phase lock loop circuit having the
same, capable of locking phase quickly.

2. Description of Related Art

A charge pump circuit is a kind of component widely
applied to circuits, in particular applied to a phase lock loop
circuit. Please refer to FIG. 1 which is a schematic view of a
traditional charge pump circuit. As shown in FIG. 1, a tradi-
tional charge pump circuit 10 includes an up-side current
source A1, a down-side current source A2, an up-side switch
UP and a down-side switch DOWN. An end of the up-side
current source Al is electrically connected to a power voltage
VDD. Another end of the up-side current source Al is sequen-
tially connected in series with the up-side switch UP, the
down-side switch DOWN, and an end of the down-side cur-
rent source A2, and another end of the down-side current
source A2 is grounded. A control end CON is disposed
between the up-side switch UP and the down-side switch
DOWN. The traditional charge pump circuit 10 is formed
according to the connection relationship between aforesaid
components, and can adjust a voltage Val of the control end
CON according to turning on/off of the up-side switch UP and
the down-side switch DOWN to output the voltage Val of the
control end CON.

The up-side switch UP is controlled by an up-side control
signal CS1, and the down-side switch DOWN is controlled by
a down-side control signal CS2. Therefore, in order to
increase the voltage Val of the control end CON (i.e. the
control end CON is charged), for example, the up-side control
signal CS1 is high voltage level and the down-side control
signal CS2 is low voltage level, at this time, the up-side switch
UP is turned on and the down-side switch DOWN is turned
off. The first current I1 of the current source A1 flows through
the up-side switch UP to the control end CON to increase the
voltage Val of the control end CON. In order to decrease the
voltage Val of the control end CON (i.e. the control end CON
is discharged), for example, the down-side control signal CS1
is low voltage level and the down-side control signal CS2 is
high voltage level. At this time, the up-side switch UP is
turned off and the down-side switch DOWN is turned on. The
second current 12 of the current source flows through the
down-side switch DOWN to ground to decrease the voltage
Val of the control end CON. Accordingly, the charge pump
circuit 10 can stabilize the voltage Val of the control end
CON by the first current I1 and the second current 12.

As shown in FIG. 1, during the process from initiating
operation of the charge pump circuit 10 to stabilizing the
voltage Val of the control end CON, the voltage Val of the
control end CON is gradually decreased from the power
voltage VDD to a stable voltage. However, it usually takes a
lot of time from the power voltage VDD to the stable voltage.
Ifthe time from initiating operation of the pump circuit 10 to
stabilizing the voltage Val of the control end CON could be
shortened, a working efficiency of the PLL can be efficiently
increased.

SUMMARY

An exemplary embodiment of the present disclosure pro-
vides a charge pump circuit. The charge pump circuit includes
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2

anup-side current source, a down-side current source, a main
switch set, an assistant switch set, a main voltage divider and
an assistant voltage divider. The up-side current source is
configured for providing a first current. The down-side cur-
rent source is configured for providing a second current. An
end of the main switch set is connected with the up-side
current source serially, and another end is connected with the
down-side current source serially. The main switch set has a
control end. The main switch set controls the first current to
flow from the up-side current source to the control end
according to a rising signal, controls the second current to
flow from the control end to the down-side current source
according to a falling signal, and outputs a voltage of the
control end. An end of the assistant switch set is electrically
connected to the end of the main switch set, and another end
of' the assistant switch set is electrically connected to another
end of the main switch set. The assistant switch set has an
assistant end. The assistant switch set controls the first current
to flow from the up-side current source to the assistant end
according to the inversely rising signal, and controls the sec-
ond current to flow from the assistant end to the down-side
current source according to the inversely falling signal. The
main voltage divider is coupled to the main switch set, to
generate a voltage division to the control end when the charge
pump circuit is activated. The main voltage divider is stopped
from generating the voltage division to the control end after a
predetermined time of activating the charge pump circuit. The
assistant voltage divider is coupled to the assistant switch set
and generates the voltage division to the assistant end.
According to one exemplary embodiment of the present
disclosure, a phase lock loop circuit includes a charge pump
circuit, a phase and a frequency detector, a loop filter, a
voltage-controlled oscillator and a frequency divider. The
charge pump circuit includes an up-side current source, a
down-side current source, a main switch set, an assistant
switch set, a main voltage divider and an assistant voltage
divider. The up-side current source is configured for provid-
ing a first current. The down-side current source is configured
for providing a second current. An end of the main switch set
is connected with the up-side current source serially, and
another end is connected with the down-side current source
serially. The main switch set has a control end. The main
switch set controls the first current to flow from the up-side
current source to the control end according to a rising signal,
controls the second current to flow from the control end to the
down-side current source according to a falling signal, and
outputs a voltage of the control end. An end of the assistant
switch set is electrically connected to the end of the main
switch set, and another end is electrically connected to
another end of the main switch set. The assistant switch set
has an assistant end. The assistant switch set controls the first
current to flow from the up-side current source to the assistant
end according to the inversely rising signal, and controls the
second current to flow from the assistant end to the down-side
current source according to the inversely falling signal. The
main voltage divider is coupled to the main switch set, to
generate a voltage division to the control end when the charge
pump circuit is activated. The main voltage divider is stopped
from generating the voltage division to the control end after a
predetermined time of activating the charge pump circuit. The
assistant voltage divider is coupled to the assistant switch set
and generates the voltage division to the assistant end. The
phase frequency detector is coupled to the charge pump cir-
cuit and configured for receiving a reference frequency signal
and a frequency dividing signal and accordingly controlling
the first current and the second current to flow to the control
end and the assistant end. The loop filter is coupled to the
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charge pump circuit and configured for receiving the voltage
of'the control end and filtering and converting the voltage of
the control end into a control voltage. The voltage-controlled
oscillator is coupled to the loop filter and configured for
receiving the control voltage to accordingly generate an out-
put signal. The frequency of the output signal is controlled by
the control voltage. The frequency divider is coupled between
the voltage-controlled oscillator and the phase frequency
detector, and configured for receiving the output signal and
dividing the frequency of the output signal to generate the
frequency dividing signal.

In summary, the charge pump circuit and the phase lock
loop circuit (PLL) having the same provided by the embodi-
ment of the present disclosure utilizes the main voltage
divider and the assistant voltage divider to generate the volt-
age division within a predetermined time of activating the
charge pump circuit, so the voltage of the control end of the
main switch set is the voltage division when the charge pump
circuit initiates operation. Next, the voltage of the control end
is gradually decreased from the voltage division to a stable
voltage according to a first current and a second current.
Accordingly, it can decrease the time from initiating opera-
tion of the pump circuit to stabilizing the voltage of the
control end, thereby it can increase the working efficiency of
the PLL.

In order to further understand the techniques, means and
effects of the present disclosure, the following detailed
descriptions and appended drawings are hereby referred to,
such that, and through which, the purposes, features and
aspects of the present disclosure can be thoroughly and con-
cretely appreciated; however, the appended drawings are
merely provided for reference and illustration, without any
intention to be used for limiting the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present disclosure, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the present
disclosure and, together with the description, serve to explain
the principles of the present disclosure.

FIG. 1 is a schematic view of a traditional charge pump
circuit.

FIG. 2 is a schematic view of a charge pump circuit of an
embodiment of the present disclosure.

FIG. 3 is a relationship diagram between voltage and time
at a control end of the embodiment of the present disclosure.

FIG. 41s a schematic view of a phase lock loop circuit of the
embodiment of the present disclosure.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

Reference will now be made in detail to the exemplary
embodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

Firstly, please refer to FIG. 2 which is a schematic view of
a charge pump circuit of an embodiment of the present dis-
closure. As shown in FIG. 2, a charge pump circuit 100
includes an up-side current source Al, a down-side current
source A2, a main switch set 110, an assistant switch set 120,
a main voltage divider 130, and an assistant voltage divider
140. The up-side current source Al is configured for provid-
ing a first current I1 to the main switch set 110 and the
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4

assistant switch set 120. An end W of the up-side current
source Al receives a power voltage VDD, and another end X
of'the up-side current source A1 is electrically connected to an
end of the main switch set 110 and an end of the assistant
switch set 120. The down-side current source A2 is config-
ured for providing a second current 12, to acquire the current
flowing through the main switch set 110 and the assistant
switch set 120. An end Y of the down-side current source A2
is electrically connected to another end of the main switch set
110 and another end of the assistant switch set 120, and
another end Z of the down-side current source A2 is
grounded. The end Z can also be electrically connected to
negative power voltage VDD, or a voltage value lower than
the power voltage VDD, whereby a voltage difference can be
formed between the end W and the end Z, but the present
disclosure is not limited thereto.

The main switch set 110 has a control end A. The main
switch set 110 controls the first current I1 to flow from the
up-side current source Al to the control end A according to a
rising signal CU, controls the second current 12 to flow from
the control end A to the down-side current source A2 accord-
ing to a falling signal CD, and outputs a voltage Va of the
control end A. More specifically, the main switch set 110 has
a first switch SW1 and a second switch SW2. The first switch
SWI1 is coupled to the second switch SW2, and the control
end A is disposed between the first switch SW1 and the
second switch SW2. The first switch SW1 controls the first
current 11 to flow from the up-side current source Al to the
control end A according to the rising signal CU, to increase
the voltage Va of the control end A. The second switch SW2
controls the second current 12 to flow from the control end A
to the down-side current source A2 according to the falling
signal CD, to decrease the voltage Va of the control end A.

In this exemplary embodiment, when the control end A is
charged, the first switch SW1 receives the rising signal CU
with high voltage level and the second switch SW2 receives
the falling signal CD with low voltage level, so the first switch
SW1 is turned on and the second switch SW2 is turned off. At
this time, the first switch SW1 conducts the current path of the
first current I1 flowing from the up-side current source Al to
the control end A. The second switch SW2 cuts off the current
path of the second current 12 flowing from the control end A
to the down-side current source A2. When the control end A
is discharged, the first switch SW1 receives the rising signal
CU with low voltage level and the second switch SW2
receives the falling signal CD with high voltage level, so the
first switch SW1 is turned off and the second switch SW2 is
turned on. At this time, the first switch SW1 cuts off the
current path of the first current 11 flowing from the up-side
current source Al to the control end A. The second switch
SW2 conducts the current path of the second current 12 flow-
ing from the control end A to the down-side current source
A2. Accordingly, the voltage Va of the control end A can be
controlled by the rising signal CU and the falling signal CD to
be stable gradually by charging and discharging the control
end A repeatedly.

The assistant switch set 120 has an assistant end B. The
assistant switch set 120 controls the first current 11 to flow
from the up-side current source Al to the assistant end B
according to the inversely rising signal CUB, and controls the
second current 12 to flow from the assistant end B to the
down-side current source A2 according to the inversely fall-
ing signal CDB. More specifically, the assistant switch set
120 has a third switch SW3 and a fourth switch SW4. The
third switch SW3 is coupled to the fourth switch SW4, and the
assistant end B is disposed between the third switch SW3 and
the fourth switch SW4. The third switch SW3 controls the
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first current 11 to flow from the up-side current source Al to
the assistant end B according to the inversely rising signal
CUB, to increase the voltage of the assistant end B. The fourth
switch SW4 controls the second current 12 to flow from the
assistant end B to the down-side current source A2 according
to the inversely falling signal CDB, to decrease the voltage of
the assistant end B.

Therefore, in this exemplary embodiment, when the con-
trol end A is charged, the third switch SW3 receives the
inversely rising signal CUB (i.e. the rising signal CU with low
voltage level), and the fourth switch SW4 receives the
inversely falling signal CDB (i.e. the falling signal CD with
high voltage level), so the third switch SW3 is turned off and
the fourth switch SW4 is turned on. At this time, the third
switch SW3 cuts off the current path of the first current 11
flowing from the up-side current source Al to the assistant
end B. The fourth switch SW4 conducts the current path of the
second current 12 flowing from the assistant end B to the
down-side current source A2. When the control end A is
discharged, the third switch SW3 receives the inversely rising
signal CUB (i.e. the rising signal CU with high voltage level),
and the fourth switch SW4 receives the inversely falling sig-
nal CDB (i.e. The falling signal CD with low voltage level), so
the third switch SW3 is turned on and the fourth switch SW4
is turned off. At this time, the third switch SW3 conducts the
current path of the first current 11 flowing from the up-side
current source Al to the assistant end B. The fourth switch
SW4 cuts off the current path of the second current 12 flowing
from the assistant end B to the down-side current source A2.
Accordingly, the voltage of the control end B can be con-
trolled by the inversely rising signal CU and the inversely
falling signal CD to be stable gradually.

It is noted that the main voltage divider 130 is coupled to
the main switch set 110 to set an initial voltage (i.e. a voltage
of'the control end A at starting) of the control end A when the
charge pump circuit 100 is initiated to operate. In the practical
design, the main voltage divider 130 is configured for gener-
ating a voltage division to the control end A when the charge
pump circuit 100 is activated, and then stopping generating
the voltage division to the control end A after a predetermined
time of activating the charge pump circuit 100. More specifi-
cally, the main voltage divider 130 includes a voltage division
component 132, a switch 134 and a switch 136. The voltage
division component 132 is connected in series with the switch
134 and 136. In this exemplary embodiment, an end of the
switch 134 receives the power voltage VDD, and another end
of the switch 134 is connected in series with an end of the
voltage division component 132. Another end of the voltage
division component 132 is connected in series with an end of
the switch 136, and another end of the switch 136 is grounded.
Accordingly, a structure of the main voltage divider 130 is
formed.

The voltage division component 132 has a voltage division
end Da electrically connected to the control end A. The two
switches are turned on or turned off according to an initial
signal PWD, to generate or stop generating the voltage divi-
sion at the voltage division end Da. Therefore, when the
charge pump circuit 100 is activated and the switches 134 and
136 receive the initial signal PWD indicating the switch 134
and 136 being turned on (such as the initial signal PWD with
high voltage level), the switches 134 and 136 are turned on to
generate the voltage division to the control end A, so the
voltage Va of the control end A is set to be the aforesaid
voltage division. After a predetermined time of activating the
charge pump circuit 100, when the switches 134 and 136
receive the initial signal PWD indicating the switches 134 and
136 being turned off (such as the initial signal PWD with low
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voltage level), the switches 134 and 136 are turned off to stop
generating the voltage division to the control end A, so the
voltage of the control end A is adjusted according to the
present control. In this exemplary embodiment, the switches
134 and 136 may be N type transistor switches, P type tran-
sistor switches, diode switches or other kind switches, but the
present disclosure is not limited thereto.

In this exemplary embodiment, the voltage division com-
ponent 132 includes a first capacitor C1 and a second capaci-
tor C2. An end of the first capacitor C1 receives the power
voltage VDD via the switch 134, another end of the first
capacitor C1 is electrically connected to an end of the second
capacitor C2, and another end of the second capacitor C2 is
grounded via the switch 136. The voltage division end Da is
disposed between the first capacitor C1 and the second
capacitor C2. Accordingly, the voltage division component
132 can generate the voltage division at the voltage division
end Da of the voltage division component 132 to the control
end A, according to the capacitance values of the first capaci-
tor C1 and the second capacitor C2. The first capacitor C1 and
the second capacitor C2 of this embodiment has the same
capacitance value, so the voltage division generated at the
voltage division end Da is VDD/2. The voltage division gen-
erated at the voltage division end Da can also be designed
according to practical conditions, and the present disclosure
is not limited thereto.

In addition, the first capacitor C1 and the second capacitor
C2 of this embodiment can be made by other kinds of electric
device. Preferably, the first capacitor C1 can be a P type
transistor. The second capacitor C2 can be an N type transis-
tor. A source and a drain of the P type transistor receive the
power voltage VDD via the switch 134. A gate of the P type
transistor is electrically connected to a gate of the N type
transistor. A source and a drain of the N type transistor are
grounded via the switch 136. The present disclosure is also
not limited thereto.

It is noted that the assistant voltage divider 140 is coupled
to the assistant switch set 120 to generate the voltage division
to the assistant end B, whereby the voltage of the assistant end
B can be maintained. In this exemplary embodiment, the
assistant voltage divider 140 has an assistant voltage division
end Db. The assistant voltage division end Db is electrically
connected to the assistant end B, and the voltage division is
generated at the assistant voltage division end Db to the
assistant end B. An end of the assistant voltage division end
Db receives the power voltage VDD, and another end of the
assistant voltage division end Db is grounded.

In this exemplary embodiment, the assistant voltage
divider 140 includes a third capacitor C3 and a fourth capaci-
tor C4. An end of the third capacitor C3 receives the power
voltage VDD. Another end of the third capacitor C3 is elec-
trically connected to an end of the fourth capacitor C4.
Another end of the fourth capacitor C4 is grounded. The
assistant voltage division end Db is disposed between the
third capacitor C3 and the fourth capacitor C4. Accordingly,
the assistant voltage divider 140 can generate the voltage
division at the assistant voltage division end Db to the assis-
tant end B, according to the capacitance values of the third
capacitor C3 and the fourth capacitor C4. The third capacitor
C3 and the fourth capacitor C4 of this embodiment have the
same capacitance value, so the voltage division generated at
the assistant voltage division end Db is VDD/2. The voltage
division generated at the assistant voltage division end Db can
also be designed according to practical conditions, and the
present disclosure is not limited thereto.

In addition, the third capacitor C3 and the fourth capacitor
C4 of this embodiment can be made by other kinds of electric



US 9,257,899 B1

7

device, such as the first capacitor C1 and the second capacitor
C2. Preferably, the third capacitor C3 can be a P type transis-
tor. The fourth capacitor C4 can be an N type transistor. A
source and a drain of the P type transistor receive the power
voltage VDD. A gate of the P type transistor is electrically
connected to a gate of the N type transistor. And a source and
a drain of the N type transistor are grounded. The present
disclosure is also not limited thereto.

It should be noted that the voltage division generated by the
voltage division component 132 (such as the voltage division
generated at the voltage division end Da in this embodiment)
must be the same as the voltage division generated by the
assistant voltage divider 140 (such as the voltage division
generated at the assistant voltage division end Db). So the
issue that the voltage of the control end A of the main switch
set 110 cannot be decreased gradually to the stable voltage
due to the difference of the voltage divisions generated at the
voltage division end Da and the assistant voltage division end
Db will not happen. Accordingly, the first capacitor C1, the
second capacitor C2, the third capacitor C3 and the fourth
capacitor C4 of this embodiment are transistors having the
same size and made by the same manufacturing process, so
the voltage divisions generated by the voltage division com-
ponent 132 and the assistant voltage divider 140 can be more
consistent.

Please refer to FIG. 2, for explanatory convenience, the
voltage divisions generated at the voltage division end Da and
the assistant voltage division end Db are VDD/2 in the fol-
lowing illustration. Therefore, when the charge pump circuit
100 is activated, the control end A of the main switch set 110
is set to be the voltage division of the voltage division end Da,
i.e. VDD/2. Next, the charge pump circuit 100 controls the
first switch SW1, the second switch SW2, the third switch
SW3 and fourth switch SW4 respectively according to the
rising signal CU, the falling signal CD, the inversely rising
signal CUB and the inversely falling signal CDB.

During the process of stabilizing the voltage of the control
end A, when the charge pump circuit 100 wants to increase the
voltage Va of the control end A, the first switch SW1 and the
fourth switch SW4 are turned on, and the second switch SW2
and the third switch S3 are turned off correspondingly. At this
time, the voltage Va of the control end A is increased by the
first current I1. The voltage of the assistant end B is main-
tained by the assistant voltage divider 140. When the charge
pump circuit 100 wants to decrease the voltage Va of the
control end A, the first switch SW1 and the fourth switch SW4
are turned off, and the second switch SW2 and the third
switch SW3 are turned on. At this time, the voltage Va of the
control end A is decreased by the second current 12. The
voltage of the assistant end B is also maintained by the assis-
tant voltage divider 140. Therefore, the voltage of the control
end A can be decreased from the VDD/2 to the stable voltage
according to the turning on and turning off of the four
switches.

Please refer to FIG. 1, FIG. 2 and FIG. 3. FIG. 3 is a
relationship diagram between voltage and time at the control
end of the embodiment of the present disclosure. As shown in
FIG. 3, a waveform 310 shows the variation of voltage and
time at the control end A of the charge pump circuit 100 of the
present disclosure. A waveform 320 shows the variation of
voltage and time at a control end CON of the traditional
charge pump circuit 10. In this exemplary embodiment, the
initial voltage of the control end A (i.e. the voltage of the
control end A at starting) is a half of the power voltage VDD,
and the voltage Va of the control end A is stabilized at time
point T1. The initial voltage of the control end CON (i.e. the
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voltage of the control end CON at starting) is the power
voltage VDD, and the voltage of the control end CON is
stabilized at time point T2.

In conclusion, during the process from initiating operation
of the traditional charge pump circuit 10 to stabilizing the
voltage of the control end CON, the voltage of the control end
CON is decreased gradually from the power voltage VDD to
the stable voltage. In the present disclosure, during the pro-
cess from initiating operation of the charge pump circuit 100
to stabilizing the voltage Va of the control end A, the voltage
Va of the control end A is decreased gradually from a half of
the power voltage VDD to the stable voltage. Therefore,
compared with the traditional charge pump circuit 10, the
charge pump circuit 100 of the present disclosure can stabi-
lize the voltage of the control end more quickly. Accordingly,
the charge pump circuit 100 of the present disclosure can
decrease the time from initiating operation of the charge
pump circuit 100 to stabilizing the voltage of the control end
CON, thereby the working efficiency of the charge pump
circuit 100 can be increased.

Next, please refer to FIG. 4. FIG. 4 is a schematic view of
a phase lock loop circuit of an embodiment of the present
disclosure. As shown in FIG. 4, the phase lock loop circuit 40
includes a charge pump circuit 400, a phase frequency detec-
tor 410, a loop filter 420, a voltage-controlled oscillator 430
and a frequency divider 440. With respect to the internal
components and operations of the charge pump circuit 400,
they are the same as that of the charge pump circuit 100, so
detailed description is omitted.

The phase frequency detector 410 is coupled to the charge
pump circuit 400 and configured for receiving a reference
frequency signal Sref and a frequency dividing signal Sd, to
accordingly control the first current (such as the first current
11) and the second current (such as second current 12) of the
charge pump circuit 400 to the control end (such as control
end A) and the assistant end (such as assistant end B). In this
exemplary embodiment, the phase frequency detector 410
outputs the rising signal CU, the inversely rising signal CUB,
the falling signal CD and the inversely falling signal CDB to
the charge pump circuit 400 according to a comparison result
of phases and frequencies of the reference frequency signal
Sref and the frequency dividing signal Sd. The reference
frequency signal Sref of this embodiment can be set accord-
ing to a specific frequency and phase, but the present disclo-
sure is not limited thereto.

Next, the charge pump circuit 400 further outputs the volt-
age Va of the control end A to the loop filter 420 according to
the rising signal CU, the inversely rising signal CUB, the
falling signal CD and the inversely falling signal CDB. The
loop filter 420 is coupled to the charge pump circuit 400 and
configured for receiving the voltage Va of the control end A,
and then filtering and converting the voltage Va into a control
voltage Vc. The voltage-controlled oscillator 430 is coupled
to the loop filter 420 and configured for receiving the control
voltage V¢ to accordingly generate an output signal So. The
frequency of the output signal So is controlled by the control
voltage V¢, which means that the frequency of the output
signal So may be adjusted according to the control voltage
Ve.

The frequency divider 440 is coupled between the voltage-
controlled oscillator 430 and the phase frequency detector
410. The frequency divider 440 receives the output signal So
and divides the frequency of the output signal So to generate
a frequency dividing signal Sd. Accordingly, the phase lock
loop circuit 40 locks the output signal So to a specific fre-
quency and phase gradually according to the reference fre-
quency signal Sref. The phase frequency detector 410, the
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loop filter 420, the voltage-controlled oscillator 430 and the
frequency divider 440 are well known components used in a
general phase lock loop circuit, and persons of ordinary skill
in this technology field should realize the inner structures and
individual operation of the phase frequency detector 410, the
loop filter 420, the voltage-controlled oscillator 430 and the
frequency divider 440, so detailed description is omitted.

Whole operation of the phase lock loop circuit 40 is
described in the following example. For explanatory conve-
nience, the voltage divisions generated at the voltage division
end and the assistant voltage division end (such as the voltage
division end Da and the assistant voltage division end Db
shown in FIG. 2) ofthe charge pump circuit 400 are VDD/2 in
the following illustration. Therefore, when the phase lock
loop circuit 40 is activated, the control end of the charge pump
circuit 400 is set to be the voltage division of the voltage
division end, i.e. VDD/2.

At this time, the phase frequency detector 410 compares
the frequencies of the reference frequency signal Sref and the
frequency dividing signal Sd at starting. If the frequency of
the frequency dividing signal Sd is higher than that of the
reference frequency signal Sref, the phase frequency detector
410 outputs the rising signal CU with low voltage level and
the falling signal CD with high voltage level. At this time, the
charge pump circuit 400 decreases the voltage Va of the
control end A according to the rising signal CU, the inversely
rising signal CUB, the falling signal CD and the inversely
falling signal CDB. At this time, the voltage ofthe control end
A starts to decrease from VDD/2. Next, the loop filter 420
receives the decreasing voltage Va (i.e. being lower than
VDD/2) and then decreases the frequency dividing signal Sd
by the operations of the voltage-controlled oscillator 430 and
the frequency divider 440.

Next, if the frequency of the frequency dividing signal Sd
is lower than that of the reference frequency signal Sref, the
phase frequency detector 410 outputs the rising signal CU
with high voltage level and the falling signal CD with low
voltage level. At this time, the charge pump circuit 400
increases the voltage Va of the control end A according to the
rising signal CU, the inversely rising signal CUB, the falling
signal CD and the inversely falling signal CDB. Next, the
loop filter 420 receives the increasing voltage Va and then
increases the frequency dividing signal Sd by the operations
of the voltage-controlled oscillator 430 and the frequency
divider 440. When the frequency of the frequency dividing
signal Sd is equal to that of the reference frequency signal
Sref, the phase frequency detector 410 outputs both the rising
signal CU and the falling signal CD with low voltage level,
which indicates that the output signal So is locked to the
specific frequency and phase.

Accordingly, during the process from initiating operation
of the charge pump circuit of the present disclosure to stabi-
lizing the voltage of the control end, the voltage of the control
end is decreased gradually from a half of the power voltage
VDD to the stable voltage. Therefore, the charge pump circuit
400 of the present disclosure can decrease the time from
initiating operation of the charge pump circuit 100 to stabi-
lizing the voltage of the control end CON, thereby the phase
lock loop circuit 400 of the present disclosure can lock the
specific frequency and phase more quickly.

In summary, the charge pump circuit and the phase lock
loop circuit (PLL) having the same provided by the embodi-
ment of the present disclosure utilizes the main voltage
divider and the assistant voltage divider to generate the volt-
age division within a predetermined time of activating the
charge pump circuit, so the voltage of the control end of the
main switch set is the voltage division when the charge pump
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circuit initiates operating. Next, the voltage of the control end
is gradually decreased from the voltage division to the stable
voltage according to a first current and a second current.
Accordingly, it can decrease the time from initiating opera-
tion of the pump circuit to stabilizing the voltage of the
control end, thereby it can increase the working efficiency of
the PLL.

The above-mentioned descriptions represent merely the
exemplary embodiment of the present disclosure, without any
intention to limit the scope of the present disclosure thereto.
Various equivalent changes, alterations or modifications
based on the claims of the present disclosure are all conse-
quently viewed as being embraced by the scope of the present
disclosure.

What is claimed is:

1. A charge pump circuit, comprising:

an up-side current source, configured for providing a first
current;

a down-side current source, configured for providing a
second current;

a main switch set, an end of the main switch set connected
with the up-side current source serially and another end
of the main switch set connected with the down-side
current source serially, the main switch set having a
control end, the main switch set configured for control-
ling the first current to flow from the up-side current
source to the control end according to a rising signal,
controlling the second current to flow from the control
end to the down-side current source according to a fall-
ing signal, and outputting a voltage of the control end;

an assist switch set, an end of the assistant switch set
electrically connected with the end of the main switch
set and another end of the assistant switch set electrically
connected with the another end of the main switch set,
the assistant switch set having an assistant end, the assis-
tant switch set configured for controlling the first current
to flow from the up-side current source to the assistant
end according to the inversely rising signal, and control-
ling the second current to flow from the assistant end to
the down-side current source according to the inversely
falling signal;

a main voltage divider, coupled to the main switch set and
configured for generating a voltage division to the con-
trol end when the charge pump circuit is activated, and
stopping generating the voltage division to the control
end after a predetermined time of activating the charge
pump circuit; and

an assistant voltage divider, coupled to the assistant switch
set and generating the voltage division to the assistant
end.

2. The charge pump circuit according to claim 1, wherein
the main switch set has a first switch and a second switch, the
first switch is coupled to the second switch, and the control
end is disposed between the first switch and the second
switch, the first switch controls the first current to flow from
the up-side current source to the control end according to the
rising signal, and the second switch controls the second cur-
rent to flow from the control end to the down-side current
source according to the falling signal.

3. The charge pump circuit according to claim 2, wherein
the assistant switch set has a third switch and a fourth switch,
the third switch is coupled to the fourth switch, and the
assistant end is disposed between the third switch and the
fourth switch, the third switch controls the first current to flow
from the up-side current source to the assistant end according
to the inversely rising signal and the fourth switch controls the
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second current to flow from the assistant end to the down-side
current source according to the inversely falling signal.

4. The charge pump circuit according to claim 1, wherein
the main voltage divider comprises:

two switches; and

a voltage division component, serially connected between

the two switches and having a voltage division end elec-

trically connected to the control end;

wherein, the two switches are turned on or turned off

according to an initial signal, to generate or stop gener-

ating the voltage division at the voltage division end.

5. The charge pump circuit according to claim 1, wherein
the assistant voltage divider has an assistant voltage division
end electrically connected to the assistant end, and generates
the voltage division at the assistant voltage division end.

6. The charge pump circuit according to claim 4, wherein
the voltage division component comprises:

a first capacitor, an end of the first capacitor configured for

receiving a power voltage via the switch; and

a second capacitor, an end of the second capacitor electri-

cally connected to another end of the first capacitor,

another end of the second capacitor being grounded via
the other switch, and the voltage division end disposed
between the first capacitor and the second capacitor.

7. The charge pump circuit according to claim 6, wherein
the first capacitor is a P type transistor, the second capacitor is
an N type transistor, a source and a drain of the P type
transistor receive the power voltage via one of the switches, a
gate of the P type transistor is electrically connected to a gate
of'the N type transistor, and a source and a drain of the N type
transistor are grounded via the another of the switches.

8. The charge pump circuit according to claim 5, wherein
the assistant voltage divider comprises:

a third capacitor, an end of the third capacitor configured

for receiving a power voltage; and

a fourth capacitor, an end of the fourth capacitor electri-

cally connected to another end of the third capacitor,

another end of the fourth capacitor being grounded, and
the assistant voltage division end disposed between the
third capacitor and the fourth capacitor.

9. The charge pump circuit according to claim 8, wherein
the third capacitor is a P type transistor, the fourth capacitor is
an N type transistor, a source and a drain of the P type
transistor receive the power voltage, a gate of the P type
transistor is electrically connected to a gate of the N type
transistor, and a source and a drain of the N type transistor are
grounded.

10. A phase lock loop circuit, comprising:

a charge pump circuit, comprising:

an up-side current source, configured for providing a
first current;

a down-side current source, configured for providing a
second current;

a main switch set, an end of the main switch set con-
nected with the up-side current source serially and
another end of the main switch set connected with the
down-side current source serially, the main switch set
having a control end, the main switch set controlling
the first current to flow from the up-side current
source to the control end according to a rising signal,
controlling the second current to flow from the control
end to the down-side current source according to a
falling signal, and outputting a voltage of the control
end;

an assist switch set, an end of the assistant switch set
electrically connected with the end of the main switch
set and another end of the assistant switch set electri-
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cally connected with the another end of the main
switch set, the assistant switch set having an assistant
end, the assistant switch set controlling the first cur-
rent to flow from the up-side current source to the
assistant end according to the inversely rising signal,
and controlling the second current to flow from the
assistant end to the down-side current source accord-
ing to the inversely falling signal;

a main voltage divider, coupled to the main switch set
and configured for generating a voltage division to the
control end when the charge pump circuit is activated,
and stopping generating the voltage division to the
control end after a predetermined time of activating
the charge pump circuit; and

an assistant voltage divider, coupled to the assistant
switch set and configured for generating the voltage
division to the assistant end;

a phase frequency detector, coupled to the charge pump
circuit and configured for receiving a reference fre-
quency signal and a frequency dividing signal and
accordingly controlling the first current and the second
current to flow to the control end and the assistant end;

a loop filter, coupled to the charge pump circuit and con-
figured for receiving a voltage of the control end to filter
and convert the voltage of the control end into a control
voltage;

a voltage-controlled oscillator, coupled to the loop filter
and configured for receiving the control voltage to
accordingly generate an output signal, wherein the fre-
quency of the output signal is controlled by the control
voltage; and

a frequency divider, coupled between the voltage-con-
trolled oscillator and the phase frequency detector, and
configured for receiving the output signal and dividing
the frequency of the output signal to generate the fre-
quency dividing signal.

11. The phase lock loop circuit according to claim 10,
wherein the main switch set has a first switch and a second
switch, the first switch is coupled to the second switch, and
the control end is disposed between the first switch and the
second switch, the first switch controls the first current to flow
from the up-side current source to the control end according
to the rising signal, and the second switch controls the second
current to flow from the control end to the down-side current
source according to the falling signal.

12. The phase lock loop circuit according to claim 11,
wherein the assistant switch set has a third switch and a fourth
switch, the third switch is coupled to the fourth switch, and
the assistant end is disposed between the third switch and the
fourth switch, the third switch controls the first current to flow
from the up-side current source to the assistant end according
to the inversely rising signal and the fourth switch controls the
second current to flow from the assistant end to the down-side
current source according to the inversely falling signal.

13. The phase lock loop circuit according to claim 10,
wherein the main voltage divider comprises:

two switches; and

a voltage division component, serially connected between
the two switches and having a voltage division end elec-
trically connected to the control end;

wherein, the two switches are turned on or turned off
according to an initial signal, to generate or stop gener-
ating the voltage division at the voltage division end.

14. The phase lock loop circuit according to claim 10,
wherein the assistant voltage divider has an assistant voltage
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division end electrically connected to the assistant end, and
generates the voltage division at the assistant voltage division
end.
15. The phase lock loop circuit according to claim 13,
wherein the voltage division component comprises:
a first capacitor, an end of the first capacitor configured for
receiving a power voltage via the switch; and
a second capacitor, an end of the second capacitor electri-
cally connected to another end of the first capacitor,
another end of the second capacitor being grounded via
the other switch, and the voltage division end disposed
between the first capacitor and the second capacitor.
16. The phase lock loop circuit according to claim 15,
wherein the first capacitor is a P type transistor, the second
capacitor is an N type transistor, a source and a drain of the P
type transistor receives the power voltage via one of the
switches, a gate of the P type transistor is electrically con-
nected to a gate of the N type transistor, and a source and a
drain of the N type transistor are grounded via the another of
the switches.

14

17. The phase lock loop circuit according to claim 14,
wherein the assistant voltage divider comprises:

a third capacitor, an end of the third capacitor configured
for receiving a power voltage; and

a fourth capacitor, an end of the fourth capacitor electri-
cally connected to another end of the third capacitor,
another end of the fourth capacitor being grounded, and
the assistant voltage division end disposed between the
third capacitor and the fourth capacitor.

18. The phase lock loop circuit according to claim 17,
wherein the third capacitor is a P type transistor, the fourth
capacitor is an N type transistor, a source and a drain of the P
type transistor receive the power voltage, a gate of the P type
transistor is electrically connected to a gate of the N type
transistor, and a source and a drain of the N type transistor are
grounded.



